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Description 



[DRIVING CIRCUIT OF LIQUID CRYSTAL 

DISPLAY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93108464, filed on March 29, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention generally relates to a driving circuit of a 
liquid crystal display (LCD), and more particularly to a 
driving circuit capable of providing a uniform common 
voltage distribution. 

[0004] Description of Related Art 

[0005] Recently, as the image display technology advances, a 
significant number of the traditional CRT monitors has 
been replaced by the flat panel displays. Among the flat 
panel displays, the thin-film transistor liquid crystal dis- 
play (TFT-LCD) is most popular. In addition, the flat panel 



display using tlie light-emitting diodes or plasma has also 
become more popular than ever. 

[0006] The display part of the flat panel display comprises a pixel 
array. The pixel array generally is a row-column matrix. 
The pixels are controlled by the drivers. The drivers drive 
the corresponding pixels according to rasterized image 
data, and the pixels will display the designated colors at 
prescribed time. 

[0007] The LCD panel comprises an ITO layer. The ITO layer is 

connected to the common voltage. As the size of the TFT- 
LCD panel increases, the length of the layout of the com- 
mon voltage becomes longer. Hence, the uniformity of the 
common voltage distribution on the ITO layer becomes 
worse. This non-uniformity of the common voltage distri- 
bution can be solved by reducing the resistance of the ITO 
layer. Additionally, improvement of the common voltage 
supply and response can further improve the flicker, and 
improvement of the panel and driver layout can improve 
the uniformity of the common voltage distribution. How- 
ever the common voltage drop cannot be compensated 
effectively due to its inherent structure. 

[0008] FIG. 1 is a traditional common voltage wire layout and the 
voltage adjustment circuit. Referring to FIG. 1, the com- 



mon voltage Vcom is obtained by dividing tlie power sup- 
ply VDD by the adjustable resistor 18a and amplified by 
the OP buffer 18b to drive the load on the entire panel 12. 
The fine tuning of the above voltage divider can be imple- 
mented by the mechanical trimmer of the resistor. Be- 
cause the best common voltage for each panel would be 
slightly different, before the panel is shipped out of fac- 
tory, the common voltage adjustment is necessary. The 
trimmer 18c is generally disposed on one end of the driv- 
ing circuit board 14 as shown in FIG. 1. The OP buffer 18b 
and the resistor trimmer 18a/18c are disposed on the 
other end of the driving circuit board 14 and the panel 12. 
The common voltage wire 16 on the glass substrate of the 
TFT-LCD is coupled to the buffer 18b via the driving cir- 
cuit board 14 from the source driver side. 

[0009] Under this structure, the output voltage of the buffer 18b 
will be sent to every points (e.g., points A, B, and C) on 
the panel 12 via the common voltage wire 16. The fixed 
common voltage Vcom will drop for example from point A 
to point C due to the common voltage wire 16 and the 
panel 12 so that the common voltage distribution on the 
panel 12 is non-uniform. 

[0010] Therefore, how to enhance the display quality and im- 



prove the uniformity of tlie common voltage distribution 
is very important. Due to tlie traditional circuit character- 
istics , the voltage drop of the common voltage Vcom 
cannot be improved effectively. How to modify the com- 
mon voltage wire and circuit becomes an important issue. 
Summary of Invention 

[001 1] The present invention is directed to a driving circuit of a 
LCD so that the common voltage distribution on the ITO 
layer is more uniform to enhance the display quality. 

[0012] The present invention is directed to a driving circuit of a 
LCD for automatically adjusting the common voltage so 
that common voltage distribution on the ITO layer is more 
uniform. 

[0013] The present invention is directed to a driving circuit of a 
LCD so that the gate driver and the source driver can gen- 
erate different compensating voltage for the common 
voltage in order to trim each common voltage in order to 
obtain a more uniform common voltage distribution. 

[0014] According to an embodiment of the present invention, the 
driving circuit comprises a plurality of gate drivers, a plu- 
rality of source drivers and a timing sequence controller. 
The gate drivers are adapted for selectively driving a plu- 
rality of thin film transistors of the liquid crystal display. 



The source drivers are adapted for receiving an image sig- 
nal, wherein the plurality of source drivers cooperate with 
the plurality of gate drivers to display an image on the liq- 
uid crystal display. Each of the plurality of source drivers 
comprises an adjustable common voltage generating cir- 
cuit, wherein each adjustable common voltage generating 
circuit, based on a common voltage adjustable data and a 
clock signal, compensates a common voltage output from 
each the adjustable common voltage generating circuit to 
make each the common voltage output from each the ad- 
justable common voltage generating circuit substantially 
same or to make each the common voltage output to an 
ITO layer of a panel of the liquid crystal display substan- 
tially same. The timing sequence controller is adapted for 
providing a control signal and a data flow to the plurality 
of gate drivers and the plurality of source drivers and for 
providing the common voltage adjustable data to each the 
adjustable common voltage generating circuit. 
[0015] In an embodiment of the present invention, the adjustable 
common voltage generating circuit comprises a digital in- 
terface, a digital to analog converter and an output buffer. 
The digital interface is adapted for receiving the common 
voltage adjustable data and the clock signal. The digital to 



analog converter is coupled to the digital interface and is 
adapted for generating an analog signal based on the 
common voltage adjustable data. The output buffer is 
coupled to the digital to analog converter and is adapted 
for generating the common voltage based on the analog 
signal to drive a load of the common voltage. 

[0016] By using the above structure, the common voltage gener- 
ator in each source driver or/and each gate driver is capa- 
ble of outputting the same common voltage in order to 
resolve the non-uniformity of the common voltage distri- 
bution In an embodiment of the present invention, the 
digital interface comprises at least one of a serial digital 
interface, a parallel digital interface, a single-ended digi- 
tal interface and a differential digital interface. The digital 
interface comprises a shift register and/or a latch and the 
output buffer comprises an operational amplifier. 

[0017] In an embodiment of the present invention, the timing se- 
quence controller comprises a timing sequence control 
unit and a common voltage adjustable data generating 
unit. The timing sequence control unit is adapted for pro- 
viding the control signal and the data flow, and the com- 
mon voltage adjustable data generating unit is coupled to 
the timing sequence control unit and is adapted for gen- 



erating the common voltage adjustable data. An opera- 
tional timing sequence of the common voltage adjustable 
data generating unit is controlled by the timing sequence 
control unit. 

[0018] In an embodiment of the present invention, the common 
voltage adjustable data generating unit comprises a pro- 
cessing unit, a storage unit and an interface unit. The 
processing unit is adapted for obtaining an optimum 
common voltage data based on an input data to generate 
the common voltage adjustable data. The storage unit is 
coupled to the processing unit and is adapted for storing 
the optimum common voltage data. The interface unit is 
coupled to the processing unit and is adapted for out- 
putting the common voltage adjustable data to the ad- 
justable common voltage generating circuit. 

[0019] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0020] FIG. 1 is a traditional common voltage circuit layout and 



the voltage adjustment circuit. 
[0021] FIG. 2 is a driving circuit of a LCD and a common voltage 

circuit layout in accordance with a first embodiment of the 

present invention. 
[0022] FIG. 3 is a driving circuit of a LCD and a common voltage 

circuit layout in accordance with a second embodiment of 

the present invention. 
[0023] FIG. 4 is a block diagram of the timing controller of FIG. 3. 

[0024] FIG. 5 is a block diagram of the adjustable common volt- 
age data generating unit of FIG. 4. 

[0025] FIG. 6 is a diagram of the source driver with the common 
voltage data generator according to an embodiment of the 
present invention. 

[0026] FIG. 7 is a diagram of the gate driver with the common 

voltage data generator according to an embodiment of the 

present invention. 
Detailed Description 

[0027] FIG. 2 is a driving circuit of a LCD and a common voltage 
wire layout in accordance with a first embodiment of the 
present invention. The structure in FIG. 2 is an improved 
structure of FIG. 1. As shown in FIG. 2, the buffer, which 
was originally disposed on the circuit board 130, is dis- 



posed inside each source driver 110 and each gate driver 
112 (e.g., at the location 112a and 110a in FIG. 2). The 
layout of the common voltage wire 120 is extended from 
the circuit board 130 to each source driver 110 and the 
ITO layer (not shown) inside the panel 100. In addition, 
the common voltage wire 120 is also extended to each 
gate driver 112 so that each gate driver 112 can output 
the common voltage Vcom. 

[0028] Under this structure, the common voltage Vcom is output 
from each source driver to the ITO layer inside the panel 
100 and the adjustable resistor/trimmer 122 is still on the 
circuit board 130, i.e., the fine tune of the common volt- 
age is performed manually. However, because the buffer 
135 is integrated into the source driver 110 and the gate 
driver 112, and the input terminal of the buffer 135 is a 
high resistance node, there will be no current flowing be- 
tween the adjustable resistor/trimmer 122 and the buffer 
135. Hence, the common voltage Vcom output by each 
source driver 110 will be more uniform and thus over- 
comes the drawback of the common voltage drop in the 
prior art and resolve the flicker issue. 

[0029] Although the above structure can partially resolve the 

common voltage drop issue, the fine tune of the common 



voltage is performed manually. To further effectively pre- 
vent the common voltage drop and to automatically or dy- 
namically adjust the common voltage, the following em- 
bodiment is proposed. 
[0030] FIG. 3 is a driving circuit of a LCD and a common voltage 
wire layout in accordance with a second embodiment of 
the present invention. The LCD driving circuit comprises 
at least a plurality of gate drivers 112 for selectively driv- 
ing a plurality of thin film transistors of the liquid crystal 
display and a plurality of source drivers 110 for receiving 
an image signal, the plurality of source drivers cooperat- 
ing with the plurality of gate drivers to display an image 
on the liquid crystal display. Each source driver 110 fur- 
ther comprises an adjustable common voltage generating 
circuit 116 and each adjustable common voltage generat- 
ing circuit 116 compensates the common voltage Vcom 
output from each adjustable common voltage generating 
circuit 116 based on a common voltage adjustable data 
(Vcom_data as shown in FIGs. 4 and 5) and a clock signal 
so as to make each the common voltage output from each 
the adjustable common voltage generating circuit sub- 
stantially same. Further, the adjustable common voltage 
generating circuit 114 can also be integrated into each 



gate driver 112 so that the common voltage distribution 
can be more uniform. The driving circuit further com- 
prises the timing sequence controller 140 for providing a 
control signal and a data flow to the plurality of gate 
drivers 112 and the plurality of source drivers 110 and for 
providing the common voltage adjustable data to the ad- 
justable common voltage generating circuits 114 and 116. 
[0031] As shown in FIG. 3, the above adjustable common voltage 
generating circuits 114 and 116 further comprises the 
digital interface 114a/ 116a, a digital to analog converter 
(DAC) 114b/ 116b. The digital interface 114a/ 116a is 
adapted for receiving the common voltage adjustable data 
Vcom.data and the clock signal. The digital to analog 
converter (DAC) 114b/ 116b is coupled to the digital inter- 
face 114a/ 116a and is adapted for generating an analog 
signal based on the common voltage adjustable data 
Vcom_data. The output buffer 114c/ 116c is coupled to 
the digital to analog converter and is adapted for generat- 
ing the common voltage Vcom based on the analog signal 
to drive a load of the common voltage. The digital inter- 
face 114a/ 116a can be at least one of a serial digital in- 
terface, a parallel digital interface, a single-ended digital 
interface and a differential digital interface. The digital in- 



terface 114a/ 116a comprises, for example, a shift register 
and/or a latch. The output buffer 114c/ 116c can be con- 
structed by, for example, an operational amplifier. 
[0032] FIG. 4 is a block diagram of the timing controller of FIG. 3. 
As shown in FIG. 4, the timing sequence controller 140 
comprises a timing sequence control unit 142; and a 
common voltage adjustable data generating unit 144 is 
coupled to the timing sequence control unit 142 and is 
adapted for generating the common voltage adjustable 
data Vocm.data and for outputting the common voltage 
adjustable data Vocm_data to the common voltage gener- 
ator 114 of each gate driver 112 and to the common volt- 
age generator 116 of each source driver 110. The timing 
sequence control unit 142 can be, for example, a tradi- 
tional timing sequence controller and can be adapted for 
providing the control signal and the data flow to each 
source driver 110 and gate driver 112. The common volt- 
age adjustable data generating unit 144 can generate the 
data to adjust the common voltage Vcom to dynamically 
adjust the common voltage Vcom on the ITO layer of the 
panel 100 so that each common voltage can be the same 
or substantially the same or each common voltage on the 
ITO layer can be the same or substantially the same in or- 



der to achieve the object of the uniform common voltage 
distribution. The operational timing sequence for the 
common voltage adjustable data generating unit 144 is 
controlled by the timing sequence control unit 142. 

[0033] FIG. 5 is a block diagram of the adjustable common volt- 
age data generating unit of FIG. 4. The common voltage 
adjustable data generating unit 144 comprises a process- 
ing unit 144a, a storage unit 144b and an interface unit 
144c. The processing unit 144a receives input data from 
the timing sequence control unit 142. The processing unit 
144a can be a micro processing unit. The storage unit 
144b is coupled to the processing unit for storing data 
related to the adjustment or fine adjustment of the com- 
mon voltage. The processing unit 144a obtains the data 
related to the adjustment or fine adjustment amount of 
the common voltage from the storage unit 144b based on 
the received input data. Then the processing unit 144a 
outputs data related to the adjustment or fine adjustment 
amount of the common voltage from the timing sequence 
controller 140 via the interface 144c. 

[0034] Referring to FIG. 3, after the common voltage adjustable 
data Vocm.data is output from the timing sequence con- 
troller 140 via the interface 144c, the common voltage 



adjustable data Vocm_data is transmitted to tlie common 
voltage generator 116 of each source driver 110 and the 
common voltage generator 114 of each gate driver 112. 
Then the common voltage generators 114 and 116 output 
the common voltage Vcom to the ITO layer of the panel 
100. Under this structure, because the common voltage 
generators 114 and 116 of each source driver 110 and 
gate driver 112 will generate different common voltage 
compensation amounts, the final common voltages output 
from the common voltage generators 114 and 116 are the 
same or substantially the same, or the common voltages 
on the ITO layer are the same or substantially the same. 
Hence, the common voltages Vcom on the ITO layer are 
more uniform in order to eliminate the flicker. 
[0035] FIG. 6 is the diagram of the source driver with the com- 
mon voltage data generator of the present invention. As 
shown in FIG. 6, the source driver 110, in addition to the 
ordinary source driver 110b (i.e., the RSDS receiver, the 
data register, the shift register, the line latch, the level 
shifter, the DAG and the output buffer in FIG. 6) further 
comprises the common voltage generator 116. The func- 
tion and the structure of the source driver 110b are simi- 
lar to the prior art and thus there is no need to describe it. 



The common voltage generator 116 comprises the digital 
interface 116a, the DAC 116b and the output buffer 116c. 

[0036] The digital interface 116a receives the common voltage 
adjustable data Vcom_data from the common voltage ad- 
justable data generating unit 144. The DAC 116b then 
generates an analog signal based on the common voltage 
adjustable data Vcom.data from the digital interface 
116a. The output buffer 116c then amplifies the analog 
signal to generate the common voltage Vcom. The DAC 
116b can be any kind of DAC and can be fine-tuned. 

[0037] Hence, by using the above structure, the present invention 
combines the ordinary source driver and the common 
voltage generator into a single module. Via the source 
driver of the present invention, all source drivers will out- 
put the common voltage Vcom to the ITO layer of the 
panel. In addition, because the common voltage genera- 
tors in all source drivers will generate different common 
voltage compensation amounts based on specific condi- 
tions, the common voltages on the ITO layer are the same 
or substantially the same. Hence, the common voltages on 
the ITO layer are more uniform in order to eliminate the 
flicker. 

[0038] FIG. 7 is the diagram of the gate driver with the common 



voltage data generator of the present invention. As shown 
in FIG. 7, the gate driver 112, in addition to the ordinary 
gate driver 112b (i.e., the RSDS receiver, the data register, 
the shift register, the line latch, the level shifter, the DAC 
and the output buffer in FIG. 7) further comprises the 
common voltage generator 114. The function and the 
structure of the gate driver 112b are similar to the prior 
art and therefore detail description thereof is omitted 
herein. The common voltage generator 114 comprises the 
digital interface 114a, the DAC 114b and the output 
buffer 114c. 

[0039] The digital interface 114a receives the common voltage 
adjustable data Vcom_data from the common voltage ad- 
justable data generating unit 144. The DAC 114b then 
generates an analog signal based on the common voltage 
adjustable data Vcom_data from the digital interface 
114a. The output buffer 116c then amplifies the analog 
signal to generate the common voltage Vcom. The DAC 
114b can be any kind of DAC and can be fine-tuned. 

[0040] Hence, by using the above structure, the present invention 
combines the ordinary gate driver and the common volt- 
age generator into a single module. Via the gate driver of 
the present invention, all gate drivers will output the com- 



mon voltage Vcom to the ITO layer of the panel. In addi- 
tion, because the common voltage generators in all source 
drivers will generate different common voltage compen- 
sation amounts based on specific conditions, the common 
voltages on the ITO layer are the same or substantially the 
same. Hence, the common voltages on the ITO layer are 
more uniform in order to eliminate the flicker. 
[0041] In an embodiment of the present invention, the above 
common voltage generator can be disposed into the 
source driver and the gate driver. Hence, the common 
voltage generator in each source driver or/and each gate 
driver will output the same common voltage in order to 
resolve the non-uniformity of the common voltage distri- 
bution. 

[0042] While the present invention has been described with a 

preferred embodiment, this description is not intended to 
limit our invention. Various modifications of the embodi- 
ment will be apparent to those skilled in the art. It is 
therefore contemplated that the appended claims will 
cover any such modifications or embodiments as fall 
within the true scope of the invention. 



